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Our File 16075 

International Patent Application No. PCT/CH2003/000246; Delta Energy Systems 
(Switzerland) AG, 

Written Opinion of 13 January 2004 



Dear Sirs, 



1 Amended claims 1 to 3 1 

As a reaction to the Written Opinion of 13 January 2004 and your confirmation of the extension 
of the time limit of 20 April 2004 with respect to the international patent application in caption 
please find enclosed a new set of claims with the claims 1 to 31 (replacement sheets 11-17). 
The examination shall be carried out on the basis of the new claims. 

The amendments in the claims particularly are: 

- The original claims 9 and 14 have been deleted. The claim numbers and the claim 
dependencies have, unless otherwise listed below, been amended accordingly. 

- In the original claim 1 the term "at least two flux-conducting magnetic elements" has been 
amended by inserting the word "core" before the word "elements" (amendment is based for 
example on the description on page 3, line 29 to page 4, line 1). Furthermore, all features of 
original claim 9 have been incorporated into new claim 1 by adding the term "wherein the core 
arms and core elements form a single, unbranched, closed flux path, whereby all of the primary 
and secondary windings are linked by the same flux" at the end of claim 1 . 

- The claim dependency of original claim 1 1, that is new claim 10, has been changed from claim 
9 to claim 1. 
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- In the original claim 13, the temi "forming a continuing, closed magnetic path" has been 
replaced by the term "forming an unbranched, closed magnetic flux path". 

- In the original claim 14, the term "to form a transformer core that has a single, unbranched flux 
path" has been amended by inserting the word "closed" before the word "flux". 

- In the original claim 21, the term "to form a single, branchless flux path" has been amended by 
inserting the word "closed" before the word "flux". 

The amendrfierits in claims^ '1 3,' T4'^ancr2 1 "are based 76r example" on "tTie Sscrlptfon^n pag^^ 
lines 12-13. 



2 Short comment to the cited prior art 

2.1 WO 00/ 11 687, Fricker et ai. 

The disclosed transformer has multiple voltage outputs, a reduced physical size and secondary 
windings in a mirror configuration. Because there are two secondary windings in a mirror 
configuration, the coupling with the flux over a full cycle is balanced. The primary windings may 
be in a series configuration. Each secondary track has several segments which are serially 
interconnected. In order to provide a plurality of (different) output voltages (e.g. for a PC) the 
transformer is connected to switching circuitry which selectively switches between the first and 
the second secondary track. The core is always E-shaped and the primary and secondary 
windings encircle the central leg. 

All transformers disclosed in this reference have an E-type core, which has at least two different 
flux paths. In contrast to the invention Fricker does therefore not disclose a transformer with a 
single, unbranched magnetic flux path. 

2.2 US 2001/0020886 AI, Murata Manufacturing 

The disclosed coil device has a core unit with an intermediate leg and at least two external legs 
at the same distance. A first and a second printed coil are provided on a first and on a second 
PCB. While the first printed coil encircles the central leg, the second coil has two segments 
encircling the external legs by the same number of turns but in opposite direction and being 
connected in series. By using four PCBs on top of each other which are penetrated by the legs of 
the common core unit two transformers may be implemented: The first transformer T1 of the 
switching power supply is used for power transmission while the second transformer is for 
control and drive purposes. 

Again Murata does not disclose a transformer with a single, unbranched magnetic flux path. 

2.3 US 6,069,548, Nokia 

The primary and secondary windings of the disclosed planar transformer are implemented in 
their entirety on a separate piece of a supplementary circuit board. The first PCB has a hole and 
connection areas for soldering the contacts of the second PCB. 

In this US-Patent no transformer with a single, unbranched magnetic flux path is shown. 
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3 Patentability 

None of the cited references discloses or gives a hint to provide a circuit board having the 
claimed features and particularly a transformer with a core that forms a single, unbranched 
magnetic flux path. Since all new independent claims 1, 13, 14, 21 and 31 incorporate this 
feature, these independent claims are new and involve an inventive step. 

All other claims depend on one of the independent claims. Hence, these claims are new and 
- invGlve-an-inventive step too^ 

Therefore, all claims 1 to 31 of the new set of claims define patentable subject matter. 



4 Examination report 

As the new set of claims overcomes all of the objections of the Written Opinion a positive 
international preliminary examination report can be expected. 

In the case the examiner requires further clarifications or does not agree with the above 
comments he is kindly asked for a call-back. 




irney 



replacement sheets 11-17 with new claims 1 to 31 

form for acknowledgement of receipt of record copy (only by mail) 
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We claim: 

1 . A magnetic circuit element including a circuit board, at least two flux- 
conducting magnetic core arms penetrating the board, at least two flux-conducting 
magnetic core elements extending between the magnet core arms, one on each side of 
the circuit board, at least two series-connected primary windings on the board in at least 
partially encircUng relation to at least one of the arms and at least two parallel- 
connected secondary windings on the board in at least partially encircling relation to at 
least one of the arms wherein the core arms and core elements form a single, 
imbranched, closed flux path, whereby all of the primary and secondary windings are 
linked by the same flux. 

2. The magnetic circuit element according to claim 1, wherein the circuit 
board is a multilayer circuit board and at least one of the windings is a buried winding 
located between layers of the multilayer circuit board. 

3. The magnetic circuit element according to claim 2, wherein each of the 
windings is a buried winding located between layers of the multilayer circuit board. 

4. The magnetic circuit element according to claim 2, further comprising 
circuit component, including one or more power components, occupying at least one 
outer surface of the circuit board above or below the at least one buried winding. 

5. The magnetic circuit element according to claim 1, wherein each of the 
primary windings has substantially the same number of turns as each other secondary 
winding. 

6. The magnetic circuit element according to claim 5, wherein each of the 
secondary windings has substantially the same number of turns as each other secondary 
winding. 

7. The magnetic circuit element according to claim 1 , wherein the number 
of primary windings is the same as the number of secondary windings, each primary 
winding being wound in closely coupled relation to a secondary winding. 

replacement sheet 1 1 
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8. The magnetic circuit element according to claim 6, wherein the number 
of primary windings is the same as the number of secondary windings, each primary 
winding being wound in closely coupled relation to a secondary winding. 

9. The magnetic circuit element according to claim 2, wherein all of the 

5 core arms and core elements are selected from the group consisting of C and I elements. 

1 0. The~nmgKticl:ifcuitnelem accordingTo claim 17 Kavihg"an eveiT 

number of core arms in excess of two. 

1 1 . The magnetic circuit element according to claim 1 0, having in excess of 
two magnetic core arms penetrating the board, each core arm being wound with at least 

10 one of the primary and secondary windings. 

12. The magnetic circuit element according to claim 11, wherein each core 
arm is wound with at least one of the primary windings and at least one of the secondary 
windings. 

13. A multilayer printed circuit board of the kind having first and second 
15 surfaces. 

on first and second sides of the board and including a transformer with windings defined 
between layers of the board and a transformer core penetrating the layers of the board 
and about which the windings are wound; the improvement comprising; a plurality of at 
least four magnetic core segments extending through the board from the first side to the 
20 second side at spaced apart locations; 

a) said windings comprising a plurality of at least four windings, each at 
least partially encircling a separate one of the core segments where the 
core segments extend through the board; 

b) a plurality of substantially planar first magnetic core elements at the first 
25 side of the board, each of the first core elements extending between a 

pair of the magnetic core segments in flux-conducting relation theresto 
such that each core segment at the first side of the board is joined in flux- 
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conducting relation to another of the core segments by one of the 
substantial planar core elements at the first side of the board; and 
c) a plurality of substantially planar second magnetic core elements at the 
second side of the board, each of the second magnetic core elements at 
5 the second side of the board extending between a pair of the magnetic 

core segments in flux-conducting relation thereto, each pair of core 

segments between whiclra 

second side of the board being in a separate pair of the core segments 
joined in flux-conducting relation by first magnetic core elements at the 

1 0 first side of the board; 



the magnetic core elements and core segments forming an unbranched, closed magnetic 
flux path extending across the first and second faces and through the layers of the board. 

14. A method of power conversion for providing high amperage, low voltage 
power including: 

1 5 (a) providing a printed circuit board, 

(b) forming holes through the printed circuit board, 

(c) locating magnetic core arms in the holes formed in the printed 

circuit board, 

(d) locating magnetic core elements in flux-conducting relation 
20 between the core arms on opposite faces of the printed circuit board to form a 

transformer core that has a single, unbranched,closed flux path, 

(e) winding a plurality of series-connected windings, on the core 
' amis to form a transformer primary, 

(f) winding a plurality of parallel-cormected windings, on the core 
25 arms to form a transformer secondary. 

1 5. The method according to claim 14, fiirther comprising providing a 
plurality of output treating circuits at the output of each of the windings forming the 
secondary, the output heating circuits being connected between these windings and a 
current additive point of connection of the windings. 
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16. The method according to claim 14, wherein the steps of winding the 
series-connected windings and winding the parallel-connected windings comprises 
winding at least one of the series-connected windings in closely coupled relation to one 
of the parallel-connected windings on each of the core arms. 

17. The method according to claim 16, wherein forming holes in the printed 

. circuit,bQardxomprises_forming jn.excessjo f two. ho les therein,. and_the.s.te.p^of_l.ocating 

magnetic core arms in the holes comprises locating in excess of two core arms, winding 
a plurality of series-connected windings comprises winding in excess of two series- 
connected windings on the core arms, and winding a plurality of parallel-connected 
windings comprises winding in excess of two parallel-connected windings on the core 
arms. 

1 8. The method according to claim 17, wherein each step of winding 
comprises printing or depositing a winding on a surface of the printed circuit board in at 
least partially encircling relation to one of the core arms. 

19. The method according to claim 14, wherein each step of winding 
comprises printing or depositing a winding on a surface of the printed circuit board in at 
least partially encircling relation to one of the core arms. 

20. The method according to claim 14, wherein the step of providing a 
printed circuit board comprises providing a multilayer circuit board, and the steps of 
winding a plurality of series-connected and parallel-connected windings comprise 
providing at least a plurality of windings as buried windings on one or more layer 
surfaces intermediate the opposite faces of the printed circuit board. 

21. A multilayer printed circuit comprising: 

(a) a multilayer circuit board having first and second faces, 

(b) - a transformer including: 

(i) a magnetic core having: 

(A) a plurality of core arms, each of which extends 
through a hole in the multilayer circuit board from the first face to the second face. 
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(B) a plurality of magnetic core elements, each 

extending along the first or second surface between ends of the core arms to complete a 

magnetic circuit comprised of the core arms and core elements to form a single, 

branchless, closed flux path, 
5 (C) at least two series-connected windings forming a 

transformer primary printed on the multilayer circuit board, each in at least partially 

encircling relation to a core arm, 

(D) at least two parallel-connected windings forming a 
transformer secondary printed on the multilayer circuit board, each in at least partially 

10 encircling relation to a core arm, and 

(E) each core arm extending through the multilayer 

circuit board having at least one of the windings of the transformer primary or 
secondary wound thereon, 

whereby each winding couples the identical flux in the 

15 core. 

22. The multilayer printed circuit according to claim 2 1 , further comprising 
transformer secondary output processing circuitry connected to the parallel-connected 
windings, each parallel-connected winding having substantially the same output 
processing circuitry connected thereto for similarly processing each parallel-connected 

20 winding output, the output processing circuitry being located between the parallel- 
connected windings and a point of intercormection thereof. 

23 . The multilayer printed circuit according to claim 22, wherein the point of 
interconnection is current additive. 

24. The multilayer printed circuit according to claim 2 1 , wherein at least one 
25 of the windings forming the transformer primary and at least one of the windings 

forming the transformer secondary are buried windings printed on a face of a layer of 
the multilayer circuit board interior of the first and second faces. 

25 . The multilayer printed circuit according to claim 2 1 , wherein each of the 
connected in series windings forming the transformer primary has substantially the 
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same nximber of turns as each other of the connected in series windings forming the 
transformer primary. 

26. The multilayer printed circuit according to claim 2 1 , wherein each of the 
connected in parallel windings forming tiie transformer secondary has substantially the 

5 same number of tums as each other of the connected in parallel windings forming the 
tons former s econdary, — 

27. The multilayer printed circuit according to claim 25, wherein each of the 
connected in parallel windings forming the transformer secondary has substantially the 
same number of tums as each other of the connected in parallel windmgs forming the 

1 0 transformer secondary. 

28. The multilayer printed circuit according to claim 27, wherein on each of 
the core arms is woimd at least one of the connected in series windings forming the 
transformer primary in closely coupled relation to at leaist one of the connected in 
parallel windings forming the transformer secondary. 

1 5 29. The miiltilayer printed circuit according to claim 28, wherein the nimiber 

of core arms is greater than two. 

30. The multilayer printed circuit according to claim 29, wherein the core 
elements are plates overlying the first and second surfaces of the circuit board in flux 
commimicating relation to each core arm. 
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31. A power magnetic component including: 

(a) a multilayer circuit board having first and second exterior faces, 

(b) a magnetic core comprising: 

(i) a plurality of magnetic segments extending through the 

circuit 

board from one exterior face to the other exterior face, 

(ir) atieasttwo'magneticelementsnexte'ri'oTUf Ih^^ 

board, 

each at one of the faces, and extending generally parallel to the faces of the board in 
flux conducting relation from one of the segments to another of the segments to form a 
single, closed, unbranched flux path, and 

(c) at least one buried winding carried on a surface of a layer of the 
multilayer circuit board intermediate the exterior faces and at least partially encircling 
one of the magnetic segments. 
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